To estimate the performance of RidgeRace, we iteratively created random trees of size N ∈ {30, 100, 200, . . . , 500} leaf nodes for L = 10 times. The ancestral grand mean at the root was set to µ r = 0. For each tree, we simulated Brownian motion along the tree and repeated each simulation step M = 10 times for the same tree. Every simulation was governed by a variance σ 2 , ranging from σ 2 s = 0.5 to σ 2 e = 5.0 and incremented by steps of σ 2 c = 0.5. After each round of BM simulation, ancestral values were defined for all internal nodes as well as all leaf nodes. We provided the leaf values as input to the inference algorithms for ML, GLS and RidgeRace, and compared their inferred output to the true simulated values hidden from them. RidgeRace requires a parameter λ, which we chose from the set λ ∈ {10 −5 , 10 −4 , . . . , 10 2 } to be the one that minimizes the leave-one-out-error (see Methods).
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